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GAS FUEL.
BY EMERSON M ' M I L L I N .
In attempting to write a paper on
this subject, I find that an over-
abundance of facts present them-
selves for consideration, and the
principal trouble is to know where
to begin—what facts to present—
and where to stop.
Gas fuel has been used almost
from time immemorial, but the
subject of gas firing had recievtd
but little consideration, and per-
haps no thorough scientific investi-
gations until about the time that
the Messrs. Seimens began their
experiments; from that time on
down to about 1883 or 1884, the
question interested only certain
branches of manufacture, such as
steel, glass, etc.
With the introduction of natural
gas into workshops, factories and
dwellings of Pittsburgh, a new in-
terest was awakened in the subject,
and now the great question of the
day is, cheap gas for fuel.
For almost all purposes, Natural
Gas, (such as is obtained from the
Devonian rocks of Pennsylvania
and from the lower Silurian of Ohio,
and Indiana,) is the best fuel in use.
There are purposes, however, for
which this gas—and especially
some of the Pennsylvania gas—is
not well suited.
In fact, so far it has not been
possible to smelt ores of iron in a
blast furnace, with any natural gas
yet discovered, and some of the
Pennsylvania gas is not of the best
possible composition for puddling
iron.
 (I t is all successfully used for
this purpose simply because it can
be had so cheap, but because of the
large per cent, of hydrogen that
some of the gas is said to contain
it can not be so well adapted for
puddling as is producer gas, and
could the latter be had at the same
cost per unit of heat it would be
preferable. In fact no gas with a
large per cent, of hydrogen is so
well adapted to metallurgical pur-
poses where the heat is utilized by
contact with the substance that is to
be heated or melted, as would be gas
wholly or largely composed of car-
bon-monoxide.
Heat units can be obtained from
hydrogen when used for industrial
purposes, only by uniting it with
oxygen, and at high temperatures
and in the presence of iron or
steel,—as in the puddliug and open
hearth steel furnaces,—or in the
presence of iron and an excess of
carbon, as in the hearth and lower
bosh of the blast furnace,—the ten-
dency is to break up, rather than to
unite oxygen and hydrogen, either
of the elements—(iron and carbon)
having a greater affinity for oxy-
gen at high temperatures than has
hydrogen. Therefore, when hydro-
gen is driven into the tuyres of a
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blast furnace, with the proper quan-
tity of oxygen for union to steam,
instead of such union being formed
and the temperature increased, the
hydrogen passes up the stack un-
combined, and in a greatly expand-
ed condition, each cubic foot be-
coming not less than five and per-
haps six feet, each pound carrying
away from the hearth where great
heat is required, eight thousand to
nine thousand units of heat.
Nothing of which we have any
knowledge could be put into a blast
furnace in a gaseous condition, that
could extract so much heat; the
specific heat of hydrogen being 3.4
times as great as that of water, and
more than seven times as much as
that of water vapor.
By the combustion of a pound of
hydrogen several times more heat
is produced than is obtained by the
combustion of any other element,—
the temperature resulting being
about as high,—and yet if pure hy-
drogen, with sufficient air to furn-
ish its equivalent of oxygen was
blown into a molten mass of iron,
cr more particularly a spongy mass
of half reduced ore, I assume that
it would quickly chill it almost if
not quite to a solid.
At present there are in use, for
domestic and industrial purposes,
four grades or qualities of gases, of
which as you have already been
told, natural gas is the best. Next
to natural gas, coal gas as sold for
illumination, is the best gas for
heating purposes; the next in or-
der of value being fuel water gas,
and last, or the gas of least value
being producer gas.
The relative value of these gases,
rating natural gas at 100 are a sfol-
lows:
Natural Gas, Findlay 100.00
Common Coal Gas 65.50
Water Gas 29.10
Producer Gas 12.80
These values are obtained by
calculating the quantity of water
that can be evaporated at 212 de-
gress Fah. with 1000 feet of the gas,
allowing 20 per cent, excess of air;
and calculating that the waste gases
will leave the furnace or evaporat-
ing vessel at a temperature of 500
degrees Fah.
Under these conditions a thou-
sand feet of the gas will evaporate
water as follows:
Natural Gas? about... .900 pounds
Coal Gas " ....590 "
Water Gas " ....262 "
Producer Gas " 115- "
The character of all these gases
varies more or less,—with localities
—respecting natural gas, and with
the modes of manufacture, respect-
ing the other gases.
With these facts before us, what
gas do we say should be the fuel
of the future? It can not be nat-
ural gas, as the territory where it
may be found is very limited, and
the supply must shortly be ex-
hausted. It can not be coal gas
because the cost of manufacture is
too great. It can not be water gas
because, first: it can not be made
cheap enough; and second : the
danger to life and property in its
use and transportation is too great.
This then, brings us down to
producer gas. Shall it be the fuel
of the future? For metallurgical
and industrial purposes, Yes; for
domestic u»e, iVo; it is too bulky,
too expensive to transport, and the
temperature of ignition is too high.
Then what shall the domestic
fuel be? Gas: a mixture of coal
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gas, water gas and producer gas.
That such a mixture can be made
cheaply, will be safe to use, will ig-
nite at a low temperature and can
be transported in the piping sys-
tem now in use by gas companies
can be demonstrated by theoretic-
al calculation, and will soon be
practically demonstrated by the
Fuel Gas & Electric Engineering
Company at Pittsburgh.
The specific gravity of the sever-
al gases are about as follows :
Coal Gas 400
Water Gas .570
Producer Gas 970
Air being '. . .1.000
The proposed mixture should for
domestic use contain about 16 per
cent, of coal gas; 34 per cent, of
water gas and 50 per cent, of pro-
ducer gas, and should have a spe-
cific gravity of about .750.
Of course to send through the
present systems of piping the same
quantity of gas of this gravity that
had been sent through of illumin-
ating gas, would require a greater
initial pressure. Fuel gas would
be used more uniformly through-
out the 24 hours of the day, than
gas is used for lighting purposes,
and thereby would greatly increase
the capacity of present piping sys-
tems.
The mixture described above
contains about 7200 heat units, and
is a little better than uncarburetted
water gas.
The fuel to produce this mixture
(at $2 per ton for coal,) would cost
.about 3 centfc. per 1000 feet of gas,
and the gas could be* sold at 25
cents to 40 cents per 1000 feet, and
give a fair return on the necessary
investment.
The Institute, however, is more
interested in the question of gas
fuel for industrial purposes than
for domestic use, and I will go more
into detail in this direction.
I have the drawings of several
gas producers, which I have en-
larged from printed works so that
you can readily comprehend their
construction. These are all, with
one exception, furnaces for making
producer gas,—the exception being
the Lowe apparatus for making
water gas. I do not present these
furnaces because they have any
special merit over scores of others,
but simply because it was conve-
nient for n\e to do so.
Number 1, is a furnace invented
by Ebelman, and was used in
Audincourt, France, as far back as
1840. It was worked with air blast.
Dimensions of generator are:—
height from hearth to throat 10 ft.;
diameter at top of bosh, 3 ft. 4 in.;
diameter of hearth abont 10 in.
You will observe that a cast iron
pipe descends from the top down
about four and one-half feet,—into
this the fret>h fuel was fed. Char-
coal was the fuel used and very
satisfactory results were obtained.
Number 2, shows the Lowe ap-
paratus for producing water gap.
The chamber to the left is the gen-
erator proper, and into this the
fuel, which may be anthracite coal
or coke, is placed. The center
chamber is the regenerator or re-
cuperator which is filled with loose-
ly placed bricks, and the right
hand chamber is a washer and
scrubber for cleaning the gas.
Number 3, shows the front of the
Dawson apparatus.
This system of generating gas is
said to be coming into use rapidly
in England, and especially for gen-
erating gas for large gas engines.
It really generates a mixture of
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water gas and producer gas, and
when soft coal is used, coal gas is
also added to the mixtures. It is
said it can be so adjusted as to
work continuously. •
Number 4, is the MacFarlane
producer. The air is supplied to
this furnace by a Kortig blower,
and in thus furnishing air it would
also supply steam, which in the
furnace would be converted into
the constituents of water gas, car-
bon-monoxide and hydrogen. The
volatile matter of the soft coal
would be forced down through the
incandescent fuel to find exit, and
all the tar and water would be con-
verted into permanent gas. The
construction of the lower part of
the furnace is such as to make the
removal of the ashes very conve-
nient.
Number 5, shows the construc-
tion of the Thwaite Twin furnace.
This furnace embodies the same
principles as the MacFarlane, that
is, the volatile matter is forced
down through incandescent fuel in
its exit. It has the additional ad-
vantage of being able to produce a
gas of a more uniform quality, as
the chambers may be changed al-
ternately, and thereby insure a
mixture containing coal gas at all
times.
Numbers 6 and 7, show sections
of the Siemens' furnace and valves,
the construction of which will be
readily understood.
Number 8, shows a section of the
regenerative chambers of the Sie-
mens' furnace. The burnt gases,
and the air for secondary combus-
tion are made to traverse these
checker work chambers alternately,
and in this way the heat of waste
gases is carried back into the fur-
nace, and by this means only, are
the maximum economic resuls ob-
tained, and this assertion will hold
good, let the fuel be gaseous or
solid.
Number 9, shows a vertical section
and the place of the Bicheroux pud-
dling furnace; in this furnace the
fuel is converted into gas, and by
reason of the close proximity of the
solid fuel to the combustion cham-
ber, the heat of the primary com-
bustion chamber, the heat of the
primary combustion is utilized.
You will observe that this fur-
nace does not differ in appearance
very much from the puddling fur-
nace in .use in the Mills of this
city. Were the coal receptacles of
your common puddling furnaces
large enough, so that combustion
of the solid fuel could be slower,
they could then be worked with
ash pits almost closed, and would
become fairly good producers. Then
could the gases be passed through
chambers of checkered brick work,
the heat absorbed and returned to
the combustion chamber with the
air for secondary combustion, you
would have all the requisites for
reducing the cost of fuel to a mini-
mum.
Number 10, shows a section of
Ponsard producer, recuperator and
furnace. The combined arrange-
ment is one that commends itself
strongly. The producer itself is
not unlike the Siemens and I do
not think that part of it so good as
some others. To my mind the
depth of fuel is insufficient to pre-
vent carbonic acid and steam reach-
ing the combustion chamber.
As we are to discuss the question
of gas fuel from an industrial stand-
point rather than from that for do-
mestic use, we can best illustrate
what we desire to present by giving
THE OHIO MINING JOURNAL. 127
theoretical results posssble to ob-
tain in some branches of manufact-
uring.
Partly because more gas is used
in the metallurgy of iron than for
any other purpose, and partly out
of deference to the locality of our
rneeting. I shall discuss the ques-
tion of gas fuel in its application to
a boiling or puddling furnace.
Believing that there are some
here who do not know how much
easier it is to heat iron than to heat
some other substances, and perhaps
there are some here who do not
understand just what '•specific heaf
and a ''unit of heaf mean, I will be
pardoned and not charged with
pedantry if I make a little expla-
nation of these terms.
Specific heat is that quantity of
heat required to raise one pound of
any substance one degree Fahren-
heit. In writing down the specific
heat of any substance, we do it in
comparison with water. That is to
say, water is the unit or standard.
If it takes three and four tenths
times as much heat to raise one
pound of hydrogen one degree fah-
renheit, we say the specific heat of
hydrogen is 3.4. As it takes but
about one thirtieth as much heat
to raise a pound of mercury one
degree, we say the specific heat of
mercury is .033, or about thirty-
three thousandths. Now the same
quantity of heat that raises a pound
of water one degree will raise about
ten pounds of iron one degree, so
we say the specific heat of iron is
.10, or to be exact .1098.
A unit of heat is that quantity of
heat that is required to raise one
pound of water one degree fahren-
heit. Water, you see, is again used
as a standard. It is not essential
to use a pound of water as a stand-
ard, but it must be a fixed quanti-
ty. A ton might be usad, but all
other substances with which the
comparison is mode must also be
reckoned in tons.
The comparisons are usually
made by weight and not by bulk.
Nor must the comparison of a
pound of water be made with a
cubic foot of gas.
While about explanations I will
call your attention to another term
which may not be clear to some of
you; I refer to latent heat. Latent
heat is insensible heat, or heat not
measurable with a thermometer.
There is the latent heat of liquefac-
tion, or the heat absorbed by a sub-
stance in passing from a solid to a
liquid, and the latent heat of gasifi-
cation or evaporization, or the heat
is absorbed when a solid or a liquid
passes to a gaseous or vaporous
condition.
Water in passing from the condi-
tion of ice, at a temperature of 32
degrees to a liquid at 32 degrees,
absorbs 142.4 units of heat,—hence
the latent heat of water is 142.4.
Water in passing from a liquid
at 212 degrees to steam at 212 de-
grees, absorbs 966 units of heat,
and therefore we say that the latent
heat of steam is 966. We mean
that the heat lost or absorbed by
one pound of this substance in
passing from a liquid to a vapor,
and without its temperature being
changed, equals the heat that would
be requirad to raise 966 pounds of
water from the temperature of 32
to that of 33 degrees Fah.
With these explanations we take
up the manipulations of the pud-
dling furnace.
The old style of puddling furna-
ces, such as are in general use in
this city, usually charge for a
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'heat/ as the boilers term it, 500
pounds of metal, or 'pig,' as it is
commonly called.
The coal used in the Mills here
is obtained from the No. 5, or low-
er Kittanning seam. We usually
hear the coal spoken of as a strong
coal. The analysis of thi's coal
shows that it is not the strongest
coal in use, and also that it is not
the weakest. But so far as my ob-
servation goes, there is more coal
used to puddle a ton of iron in
Ironton, than in any city in the
country. At any rate this state-
ment would have been true if made
a few years ago. Just why this
should be I do not know. The
trouble can hardly be with the
workmen for puddlers brought here
from mills in other localities do no
better, and generally not so goo(J
work as your home workmen.
I think it is safe to say that it
takes 40 bushels of coal to puddle
a ton of iron in this city. Forty
bushels equals 3200 pounds. If it
take 3200 pounds for a ton, it will
take 714 pounds to puddle 500
pounds, or one 'heat.'
We will discard the 14 pounds
and call it even 700 pounds.
Now let us see how much heat
this 700 pounds of coal contains,
and to do this we must assume an
average analysis, which as given
below I believe will not be far from
right:
Carbon. 77.00 per cent.
Hydrogen 5.00 "
Oxygen 10.00 "
Nitrogen 1.50 "
Sulphur • 1.50 "
Ash 5.00 "
Total 100.00
700 "
700 "
700 "
700 "
700 "
" 5 "
" 10 '•
" 1.50 "
" 1.50 "
'• 5.00 "
•' 35 '
" 70 '
" 10.50 '
" 10.50 '
" 35.00 '
700 lbs. Coal 77 percent, equals 539 lbs. Carbon
"Hydrogen
Oxygen
N i trogen
Sulphur
Ash
Total weight, 700.00 " Coal
But we must deduct from the 35
lbs. hydrogen 8.75 lbs., with which
to satisfy the oxygen in the coal.
In one pound of hydrogen there are
62032 units of heat. In one pound
of sulphur there are 4032 units of
heat. From nitrogen and oxygen
we obtain no heat. Then :
539.00 lbs. C. X 4500=7,815,500
heat units from carbon.
35.00 lbs. H—8-75 X 62032=1,-
625,340 heat units from hydrogen.
10.50 S X 4032 = 42,336 heat
units from sulphur.
Total heat units from the coal
equal 9,486,176. In round num-
bers there are 9,500,000 heat units
in the 700 pounds of coal used in
puddling 500 pounds of 'pig.' How
much of this heat is actually used
in melting and working this metal.
The mixture of metal used in this
city will melt at about 2000 degrees
temperature, but as the iron begins
to come to 'nature' as it is termed,
a much higher heat is required to
keep it in a semi-molten state, and
we will assume that even 2800 de-
grees are required to keep it in con-
dition for 'balling.' We start into
the process with the pig at 60 to 80
degrees temperature, and the car-
bon of the pig furnishes a good
man}r heat units, but both of these
items we will ignore,, as ignoring
them will not materially effect the
result to be obtained.
To heat water up to 2800 degrees,
—assuming we could keep it a
liquid and that its specific heat was
constant,—would reqnire2800 units
for each pound. But I have al-
ready explained that iron requires
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but about one tenth the heat re-
quired by water to raise it one de-
gree Fah. Then, if this be true,
iron will require but 280 units for
each pound of metal; then 280
times 500 pounds of metal equals
140,000 units. To this we must
add the latent heat of liquefaction,
233 units X 500 pounds = 116,500
units, making the total heat util-
ized in puddling 500 pounds metal,
256,500 units of heat.
If we get from 700 pounds of coal
9,500,000 units of heat we get from
one pound No. 5 coal 13,570 units.
Then by dividing 256,500 by 13,570,
the answer is 19, nearly, which rep-
resents the pounds of coal that are
utilized. Nineteen pounds out of
700! What sinful wastefulness I
Less than 3 per cent.
S.ome of these puddlers, or roll-
ing mill managers, probably the
latter, lie uneasily in their graves a
thousand years from now, when
posterity is crying for fuel. Possi-
bly these spendthrifts will not be
unwilling to spare their posterity
some of the heat of which they may
at that time be possesed,—the le-
gitimate fruit of their wastefulness.
If it be true, as we so often hear
it asserted, that nothing is ever
wasted or lost in nature, then we
can see the consistency of the doc-
trine deduced from the old 'EDI-
TION.'
The fuel that these fellows waste
or permit to be wasted in this life,
will be stored up to their credit,
and for their utilization in the life
to come.
The question that naturally aris-
es in our minds is : What becomes
of the other 97 per cent, of the heat
of our coal?
It goes up the stacks very largely
—at one time as half burnt gases
and at the next moment as heated
air. At one moment there is an in-
sufficient supply of air., or if but
enough is present the arrangement
for properly mixing the air and
gases are deficient and the fuel es-
capes oxidation.
At another moment the air pres-
ent is greatly in excess of the re-
quirements of the fuel, and this
excess must be heated to the tem-
perature or your furnaces.
The weight of the gaseous pro-
ducts, if the proper quantity of air
has been admitted for the complete
combustion of 700 pounds of coal,
would be about 8400 pounds. The
specific heat of these gases is about
.245. Then to raise this 8400 lbs.
one degree will require 2000 units
of heat, and to raise it 2800 degrees,
that is to the temperature that we
have already agreed we must have
in the puddling furnace, would re-
quire 5,600,000 units of heat. Here
then we account for the loss of
more than half your fuel, as these
gases unquestionably do leave your
metal at a temperature equal to or
above 2800 degress.
Now you will remember that we
have this loss when admitting only
the proper quantity of air for com-
bustion with the fuel, but it is gen-
erally conceded that in burning
solid fuel we admit from 50 to 100
per cent, too much air. We will
assume in this instance, that only
50 per cent, excess of air is admit-
ted and then see what the loss
must be. With this excess of air
the gaseous products from your
700 pounds of coal will weigh 12,-
250 pounds. The specific heat will
be a little lower now, say about
.243. In round numbers then it
will require 3000 units of heat to
raise this 12250 pounds of gases
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one degree, or 8,400,000 units to
raise these products 2800 degrees.
Remember you had but about 9,-
500,000 units of heat all told, in
your coal. With these figures in
your mind, you can see the vast
importance of some system of re-
cuperation by which this enormous
quantity of heat can be returned to
your furnaces there to be utilized.
In determining the quantity of
heat actually utilized in puddling
500 pounds of metal, to be equal to
that furnished by 19 pounds of
coal, I have overlooked the fact
that the specific heat of the metal
changed somewhat as its physical
and chemical condition changed in
the furnace, and it would be only
fair to increase the 19 to about 20
pounds, but even then the per cent,
of the whole quantity generated is
insignificant.
Remember I have been discuss-
ing the Ironton practice of pud-
dling. There are places working
solid fuel where they get about 4
per cent, of the value of the fuel in
single furnaces and 4^ to 5 per cent,
in double puddling furnaces, and 8
to 10 per cent, in heating furnaces.
You have been shown what is
done with solid fuel and we now
undertake to show what possibly
may be done with gaseous fuel and
recuperation.
One ton of No. 5 coal, not the
lump, but nut and slack mixed,
will make 125,000 feet of producer
gas, that will contain 2000 units of
heat per pound of gas. The 125,-
000 feet will weigh about 10,000
pounds. If one pound contains
2000 units ot heat 10,000 pounds
will contain 20,000,000.
You will remember that the 700
pounds of solid coal, contained 9,-
500,000 units; that would be in
the proportion of about 27,140,000
units for a ton, while the gas from
a ton of slack contains but 20,000,-
000 units of heat. Part of this loss
is due to the difference'in the char-
acter of the coal, but most of it is
due to the loss of primary combus-
tion.
But should your producers be
put near your furnaces, then this
heat could be saved, and by pass-
ing the gases to the furnaces at a
temperature of, say 700 degrees,
you would add to the 20,000,000
units 1,715,000 units of heat, mak-
ing the total heat 21,715,000 units.
Now in burning this gas instead
of using an excess of air,, amount-
ing to 50 per cent., you need not
give it more than 10 per cent, ex-
cess. Then with this same excess
of air, the total weight of the gase-
ons products of combustion will be
about 25,000 pounds, and the spe-
cific heat will be about .245. .
Now these products will leave
your furnace at as high a temper-
ature as it left the furnace when
using the solid fuel, but we propose
to return the heat by the interposi-
tion of recuperators. The entire
weight of gaseous products heated
up to 2800 degrees (and in this in-
stance they will be much above that
temperature,) will contain 25,000
times .245, multiplied by 2800,
which equals 17,150,000 units.
Now, let these gases escape from
the recuperators at a temperature
of 800 degrees and we return 12,-
250,000 units to your furnace, with
the air and with the primary gases
if they also passed through the re-
cuperators.
We have already seen that but
256,500 units of heat are required
for melting and puddling a 500
pound charge.
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We have put 21,715,000 units in-
to the furnace and have lost in the
waste gases, which finally left the
recuperator at an 800 degree tem-
perature, 4,9oo,ooo units, leaving
us a net heat of 16,815,ooo units.
But so far we have allowed noth-
ing in any of these calculations, for
radiation and imperfect combus-
tion. The first should equal ten or
fifteen per cent., and the second
from five to ten per cent. But we
will more than double these quan-
tities and say that the loss from ra-
diation,-imperfect combustion, and
accidental causes, will equal 50 per
cent, of the entire quantity of heat
of the combustion chamber. De-
ducting this from the quantities of
heat given above as net result, and
you have about an even 6,000,000
units left for utilization.
Kit took 256,5co units to puddle
5oo pounds it will take 513 units to
puddle one pound. Then dividing
the 6,000,000 units by 513 we get
ll,7oo as our answer, which repre-
sents the weight of metal in pounds
that should be puddled with one
ton of nut and slack coal, being
nearly 6 tons (I refer all the time to
net tons of 2ooo pounds.) That
such work ever has been done I
shall not claim; that such work may
be done with proper facilities, can-
not be rightfully questioned. There
are reasons, however, which make
it more difficult to realize the full
value of fuel in puddling iron than
in some other industrial operations.
During certain stages of the work it
appears to be necessary to heat only
with a reducing flame. Yon have
all noticed that there are certain
parts of the work of puddling that
is always done with the damper
down. During that time the pud-
dler is using a reducing flame, and
while it is not so hot as an oxidising
flame, yet his iron will remain liquid
with that flame when it would not
do it with an ordinary oxidising
flame.
When you have changed your fur-
naces to accord with the principles
brought into prominence lately by
Frederick Siemans, that is that heat-
ing should be done by radiation and
not by contact, then it will not be
of any consequence, or rather it will
then be unnecessar}*- to work with a
reducing flame.
To introduce this principle the
tops of the furnaces must be elevated
and not depressed.
To sum up: To first put your
fuel into a gaseous condition is a
long stride toward economy; to
have good recuperation is still bet-
ter ; to have both is essential in this
locality, if you expect to keep step
with modern improvements and be
able to successfully meet your com-
petitors in markets of the country.
